ABSTRACT. We cytogenetically characterized three species of Heptapteridae (Pimelodella sp, Pimelodella taenioptera, and Imparfinis schubarti) by investigating the distribution of constitutive heterochromatin and nucleolar organizer regions by silver nitrate impregnation (Ag-NOR) and fluorescence in situ hybridization. Pimelodella sp showed had a diploid number (2n) = 46 chromosomes, 26m + 10sm + 10st, and FN = 92; P. taenioptera, 2n = 52 chromosomes, 26m + 22sm + 4st, and FN = 104; and I. schubarti, 2n = 58 chromosomes, 28m + 28sm + 2st, and FN = 116. The two Pimelodella species had Ag-NORs sites on the submetacentric pair 14, located on the short arm in terminal position. In I. schubarti, the Ag-NORs sites were in an interstitial position on the long arm of the metacentric pair 1. C-banding revealed that Pimelodella sp contained a small amount of constitutive heterochroma- Cytogenetics of species of the family Heptapteridae tin, whereas P. taenioptera contained a higher number of heterochromatic regions, in the pericentromeric, interstitial, and telomeric positions. I. schubarti had markers in centromeric and telomeric regions of a few chromosomes, and a large pericentromeric block on pair 1. Fluorochrome chromomycin A 3 (CMA 3 ) staining revealed positive signals on pair 14 in both Pimelodella species. Treatment with 4ꞌ,6-diamidino-2-phenylindole (DAPI) revealed no markings in P. taenioptera, but an interstitial marking on the long arm of pair 14 in Pimelodella sp. In I. schubarti, positive signals of CMA 3 were detected in the first pair, but negative signals were detected for DAPI staining. These results contribute to the karyotypic description of the less-studied species in the Brazilian Midwest.
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INTRODUCTION
The order Siluriformes (catfish) are highly diverse, with approximately 5705 species in 37 families (Eschmeyer and Fong, 2013) , including the family Heptapteridae, which includes small-and medium-sized fish. Lundberg et al. (1991) and Pinna (1998) established three monophyletic groups within the family Pimelodidae, corresponding to the Pimelodinae, Heptapterinae (Rhamdiinae), and Pseudopimelodinae subfamilies; however, these were elevated to family status by Ferraris (2007) . The Heptapteridae consists of about 26 genera and 189 species, 52 of which have not yet been described (Bockmann and Guazelli, 2003) . The heptapterids are endemic to the Neotropics, and are one of the most representative groups of the order Siluriformes in Central and South America. Among the genera of this family, Pimelodella is one of the most diverse, with approximately 60 species (Burgess, 1989) , and the genus Imparfinis includes approximately 28 species (Lundberg et al., 1991) .
Despite the high number of species in the Heptapteridae, cytogenetic data are scarce, with few karyotypic studies conducted on these species. However, this group exhibits great chromosomal diversity, with a diploid number of 2n = 42 in Imparfinis hollandi (Margarido and Moreira-Filho, 2008 ) to 2n = 62 chromosomes in Rhamdia hilarii (Toledo and Ferrari, 1976) . However, 2n = 58 chromosomes is the most frequent value found in this family.
The phylogenetic relationships of the Heptapteridae are not well known, since the taxonomy of the species is complex and still poorly defined with respect to their genera (Bockmann and Guazzelli, 2003) . Cytogenetics has been shown to be an important cytotaxonomic tool, and is a valuable contribution to the study of systematics, as well as to the identification of cryptic species and taxa.
This study aimed to cytogenetically characterize three species of the Heptapteridae (Pimelodella sp, Pimelodella taenioptera, and Imparfinis schubarti) by investigating the distribution of constitutive heterochromatin and nucleolar organizer regions (NORs) by silver nitrate impregnation (Ag-NOR) and fluorescence in situ hybridization (FISH), in order to elucidate the evolutionary processes in the group as well for future phylogenetic studies of this family.
MATERIAL AND METHODS
Twelve specimens (eight males and four females) of Pimelodella sp. were collected from the Cuiabá River Basin, Mato Grosso, Brazil. This species is found in deep wells on the left bank of the Cuiabá River. Eighteen specimens (eleven males and seven females) of P. taenioptera were collected from the Aricá Mirim River, which is a tributary of the Cuiabá River. Eight specimens (six males and two females) of I. schubarti were collected from the Ivaí River Basin, PR, Brazil.
The cytogenetic analysis of mitotic chromosomes was based on conventional techniques and chromosome banding. The chromosomes were classified as metacentric (M), submetacentric (SM), or subtelocentric (ST), according to the methodology proposed by Levan et al. (1964) , and all chromosomes with two arms were included for the calculation of the fundamental number (FN). Mitotic chromosomes were obtained from preparations of the cephalic part of the kidney by the "air-drying" technique, modified for fish by Bertollo et al. (1978) . Identification of NORs was conducted by staining with silver nitrate (Howell and Black, 1980) . The detection of DNAr sites was conducted by following the techniques described by Heslop-Harrison et al. (1991) and Cuadrado and Jouve (1994) . We obtained 18S rDNA probes by amplifying and cloning fragments from Oreochromis niloticus. Base-specific fluorochrome staining methods using chromomycin A 3 (CMA 3 ) and 4ꞌ,6-diamidino-2-phenylindole (DAPI) were performed, according to the methods described by Schmid (1980) and Schweizer (1976) , respectively. The distribution patterns of heterochromatin were ascertained following the technique described by Sumner (1972) . Giemsa staining was replaced by propidium iodide staining, following the method used by Lui et al. (2009) .
The preserved specimens (Pimelodella sp, NUP 14703; P. taenioptera, NUP 14702; and I. schubarti, NUP 14701) were deposited in the Núcleo de Pesquisas em Limnologia, Ictiologia e Aquicultura (Nupélia) of the Universidade Estadual de Maringá, Maringá, PR, Brazil.
RESULTS
Pimelodella sp. had a diploid number of 2n = 46 chromosomes and P. taenioptera had 2n = 52 chromosomes, with karyotype formulas of 26m + 10sm + 10st and FN = 92 and 26m + 22sm + 4st and FN = 104, respectively. I. schubarti had a diploid number of 2n = 58 chromosomes with a karyotype formula of 28m + 28sm + 2st and FN = 116. Morphologically distinguishable sex chromosomes were not observed in any of the three species.
In Pimelodella sp. C-banding revealed that there was a small amount of constitutive heterochromatin restricted to pair 14, which was located in the interstitial region of the long arm and was not coincident with the Ag-NOR (Figure 1a and b). P. taenioptera contained a higher number of heterochromatic regions, which were located in pericentromeric, interstitial, and telomeric positions. Interstitial bands mainly occurred on the pairs 1, 2, 3, 4, 14, 20, 21, 22, and 23 (Figure 2a and b) . We found a large block on the long arm of pair 6, which was more strongly stained on one of the homologs, and was also observed by FISH 18S using propidium iodide staining. The constitutive heterochromatin analysis revealed that I. schubarti contained markers in the centromeric and telomeric regions of a few chromosomes; however, there was a large pericentromeric block on the long arm of the first pair of metacentric chromosomes, coincident with the secondary constriction (Figure 3a and b) . The two species of Pimelodella contained Ag-NOR sites on the submetacentric pair 14, which were located on the short arm. These sites were confirmed by FISH using an 18S rDNA probe (Figure 4a and b) . A secondary constriction was observed in Pimelodella sp on the short arm of pair 14, and size heteromorphism was detected in this region. The Ag-NOR revealed negative C-bands in both species of Pimelodella, and in I. schubarti the NOR was in an interstitial position on the long arm of the metacentric pair 1, coincident with the secondary constriction, which was confirmed by FISH ( Figure 5 ).
Metaphases stained with CMA 3 revealed positive signals on pair 14 in both species of Pimelodella, which corresponded to the Ag-NOR. Treatment with DAPI did not reveal any markings in P. taenioptera, but in Pimelodella sp there was an interstitial marking on the long arm of pair 14, which corresponded to constitutive heterochromatin. In I. schubarti, positive CMA 3 signals were detected in the first pair (that corresponded to Ag-NOR sites), but the DAPI signals were negative. 
DISCUSSION
The Pimelodella genus is highly diverse in terms of diploid number, with values of 2n = 46, 52, and 58 chromosomes, depending on the cytogenetic data reported. The 2n = 46 diploid number in Pimelodella sp and 2n = 52 in P. taenioptera confirm this variability.
Interspecific variability in diploid number has been recorded previously in Pimelodella: 2n = 46 in Pimelodella sp (Toledo and Ferrari, 1976) , Pimelodella sp 1 (Vascolcelos and Martins-Santos, 2000), P. meeki (Vidotto et al., 2004) , P. boschmai, and P. gracilis (Garcia and Almeida-Toledo, 2010 ); 2n = 52 in Pimelodella sp 2 (Vasconcelos and Martins-Santos, 2000) and P. aff. avanhandavae (Swarça et al., 2003) ; and 2n = 58 in P. kronei, P. transitoria (Almeida- Toledo et al., 1992) , and P. lateristriga (Garcia and Almeida-Toledo, 2010) . The value of 2n = 56 +2 chromosomes is regarded to be the ancestral diploid number of the Siluriformes (Oliveira and Gosztonyi, 2000) , including the Heptapteridae. Most species of Pimelodella have a diploid number of 2n = 46; however, P. kronei and P. transitoria (with 2n = 58) represent the ancestral form within the group (Vasconcelos and Martins-Santos, 2000) .
In the Imparfinis, the diploid number varies from 2n = 42 chromosomes, as in I. hollandi (Margarido and Moreira-Filho, 2008), to 2n = 58 chromosomes, as in I. mirini (Vissotto et al., 1997) , I. piperatus (Vissotto et al., 2001) , I. aff. schubarti (Stolf et al., 2004) , and I. schubarti (Kantec et al., 2009) . The values of 2n = 58 chromosomes and NF = 116, which were found in the present study, are the most common in the genus, being also observed in I. mirini (Vissotto et al., 1997) , I. piperatus (Vissotto et al., 2001) , I. aff. schubarti (Stolf et al., 2004) , and I. schubarti (Kantek et al., 2009) . Differences in karyotype formula and 2n have been found between different species and populations of Imparfinis; however, the high frequency of species with 2n = 58 chromosomes, which is considered not only ancestral for the Heptapteridae but also for the Siluriformes as a whole, indicate that non-Robertsonian chromosomal rearrangements were the most frequent rearrangements made during the karyotypic evolution of the genus.
Among the Heptapteridae, the diploid number of 2n = 42 is only present in I. hollandi (Margarido and Moreira-Filho, 2008) . The predominance of two-armed chromosomes (M, SM, and ST), and the low variation in diploid number (2n = 58, 2n = 42), suggest that centric fission events were less important than pericentric inversion during the evolutionary history of the group (Borba et al., 2011) . According to Borba et al. (2011) , a possible plesiomorphic condition of heptapteridan karyotypes would consist of 2n = 58 chromosomes of the M and SM types and a simple subterminal position of Ag-NORs, with a trend of maintaining this diploid number in most species, while reducing 2n by successive chromosomal fusion events.
Simple NORs in the Heptapteridae are most frequently located in the terminal position of the short arm, but there is variation between species in chromosome type. NOR size heteromorphism between homologous chromosomes, as observed in Pimelodella sp is common in other Pimelodella species: Pimelodella sp 2 (Vasconcelos and Martins-Santos, 2000) , P. aff. avanhandavae (Swarça et al., 2003) , P. meeki (Vidotto et al., 2004) ; and in the Imparfinis: I. cf. piperatus, I. piperatus (Vissotto et al., 2001) , and I. schubarti (Stolf et al., 2004) . This variation in NOR size is a consequence of the variable number of rDNA genes; therefore, structural modifications in NORs are often attributed to unequal crossing-over mechanisms, transpositions, deletions, and/or duplications involving segments of homologous chromosomes (Castro et al., 1998) .
The result of using a 18S DNAr probe in I. schubarti in the present study and those obtained by Borba et al. (2011) , and in I. cf. schubarti (Kantek et al., 2009) , were similar in terms of the Ag-NORs. The NORs observed on the long arm of different types of chromosome in this genus can be explained by rearrangements, such as inversions, deletions, and duplications (Borba et al., 2011) . A position in the terminal region of a subtelocentric chromosome is probably the ancestral condition, and is similar to that observed in I. hollandi (Margarido and Moreira-Filho, 2008 ). An interstitial position on metacentric chromosomes, as detected in I. mirini (Vissoto et al., 1997) , I. aff. schubarti (Stolf et al., 2004 , Borba et al., 2011 , and I. schubarti (Kantek et al., 2009) , is probably a derived condition. The transfer from a submetacentric terminal position to an interstitial position on a pair of metacentric chromosomes probably occurred due to pericentromeric inversion. In addition to the difference in diploid number, the two species of Pimelodella also exhibited different C-band patterns. While Pimelodella sp contained a small amount of constitutive heterochromatin that was restricted to an interstitial block on the long arm of NOR chromosomes, P. taenioptera exhibited this band on a large number of chromosomes. In general, Heptapterids have small amounts of heterochromatin that are located in terminal and pericentromeric regions (Moraes et al., 2007) . Borba et al. (2011) suggested that C-banding is not a good cytological marker method for this group; however, the results found for P. taenioptera demonstrate that heterochromatin constitutes a differential marker in this species in relation to others groups of the Heptapteridae.
Heterochromatin blocks in interstitial positions are infrequent in the Heptapteridae, but are typical of the Imparfinis (Margarido and Moreira-Filho, 2008; Borba et al., 2011) . Interstitial blocks of heterochromatin on the long arm of the NOR chromosome in the two Pimelodella species analyzed in this study have also been observed in P. gracilis (Garcia and Almeida-Toledo, 2010) . In fish, the presence of heterochromatic blocks interspersed with NORs is a common feature; however, the Pimelodella species analyzed in this study were NOR-C-band negative, and only P. meeki (Borba et al., 2011) exhibits this characteristic in this genus. Among other Siluriformes, C-band-negative NORs have been observed in Pimelodus sp. and Pimelodus ortmanni (Borin and Martins-Santos, 2004) , Taunaya bifasciata (Borba et al., 2011) , I. schubarti (Kantek et al., 2009) (Ferreira et al., 2005) .
I. schubarti had a little constitutive heterochromatin that contained centromeric and telomeric markings, which is a characteristic of the Imparfinis. Previous studies on this genus have demonstrated the existence of a few C-band markings in centromeric, pericentromeric, and telomeric positions, as recorded in I. piperatus (Vicente et al., 1994 ) I. aff. schubarti (Stolf et al., 2004) , I. schubarti (Kantek et al., 2009) , and I. cf. piperatus (Fenocchio, 1993) . In addition, interstitial regions in heterochromatin that correspond with NORs (first pair) and in other chromosomes (15, 21, and 29) have been observed.
The data obtained in this study for I. schubarti corroborate the results reported by Stolf et al. (2004) for I. aff. schubarti, but differed from those obtained by Kantek et al. (2009) for I. schubarti from the Piumhi River Basin, MG, Brazil. The karyotype formula for that population was 18m + 34sm + 6st, and the NOR was in an interstitial position on a submetacentric chromosome (pair 10), whereas in the present study the NOR was in an interstitial position on the metacentric pair 1. According to Kantek et al. (2009) , the distinctive karyotype of I. schubarti from the Piumhi River represents a possible hybridization between I. minutes and I. schubarti, because in the early 1960s several species migrated from the Upper Paraná River Basin to the San Francisco Basin, including I. schubarti.
Relationships between NORs and GC-specific fluorochromes have been reported in several groups of fish (Amemiya and Gold, 1986) . In most cases, CMA 3 staining produces markings that are only coincident with the NORs observed in Pimelodella sp, P. taenioptera, and I. schubarti. In contrast, treatment with AT-specific DAPI results in a generally uniform pattern of chromosomal staining in fish, as we found in the present study; however, Pimelodella sp. did exhibit a DAPI-positive interstitial heterochromatic block. Therefore, the pair 14 this pair could be used as markers in this species for comparative analyses of the group.
The cytogenetic data obtained by this study could be used in future taxonomic revisions of Pimelodella sp. Although Pimelodella sp and P. taenioptera are morphologically very similar, cytogenetic differences in diploid number, chromosomal formula, and C-band pattern suggest that they are different species. Our results corroborate the findings of other studies on this group of fish: the Heptapteridae share some cytogenetic features but each genus has its own unique karyotypic traits. This study also contributes to the karyotypic description of species of the Brazilian Midwest that have been little studied, and provides valuable information for future taxonomic and evolutionary studies.
